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The body of this report summarizes

western North Pacific tropical cyclones.
Annex A summarizes tropical cyclones in
the central North Pacific from 180° east-
ward to 140°W, and Annex B summarizes
tropical cyclones in the Bay of Bengal.
The U.S. National Weather Service publishes
summaries of eastern North Pacific tropical
cyclones in the Monthly Weather Review, the
Mariners Weather Log, and Pilot Charts.

Fleet Weather Central/Joint Typhoon
Warning Center (FLEWEACEN/JTWC), Guam has
the responsibility to:

1. Provide warnings for all
tropical cyclones north of the equator,
west of 180° longitude, and east of 80° E
longitude;

2. Determine tropical cyclone
reconnaissance requirements and assign
priorities;

3. Conduct post-analysis programs
including preparation of the Annual Typhoon
Report; and

4. Conduct tropical cyclone analy-
sis and forecasting research.

Detachment 17/Asian Tactical Forecast
Unit, 20th Weather Squadron, Yokota, Japan
(formerly Asian Tactical Forecast Center,
Fuchu) coordinating with the Naval Weather
Service Facility, Yokosuka, Japan, is
designated as the alternate JTWC in case of
the incapacitation of FLEWEACEN/JTWC Guam.

FOREWARD

The JTWC is an integral part of FLEWEA-
CEN Guam and is manned by four officers and
four enlisted men each from the Navy and Air
Force. The senior Air Force officer is
designated as Director, JTWC, and the senior
Navy officer is the JTWC Operations Officer.

The western North Pacific Tropical
Cyclones Warning System consists of the
Joint Typhoon Warning Center, the U.S. Air
Force 54th Weather Reconnaissance Squadron
stationed at Andersen AFB, Guam, and Air
Force Weather Service Defense Meteorological
Satellite Program (DMSP) sites at Nimitz
Hill, Guam; Yokota AB, Japan; Kadena AB,
Japan; Nakon Phanom Airport, Thailand;
Hickam AFB, Hawaii; and the Air Force Global
Weather Central, Offutt AFB, Nebraska.

The Central Pacific Hurricane Center,
Honolulu, is responsible for the area from
180° eastward to 140°W and north of the
equator. Warnings are issued in coordina-
tion with FLEWEACEN Pearl Harbor and the Air
Force Central Pacific Forecast Center,
Hickam AFB, Hawaii.

CINCPACFLT, CINCUSARPAC, and CINCPACAF
are responsible for further dissemination
and, if necessary, local modification of
tropical cyclone warnings to U.S. military
agencies.
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CHAPTER | = OPERATIONAL PROCEDURES

1 GENERAL

Services provided by the Joint Typhoon
Warning Center (JTWC) include forecasts of
tropical cyclone formation, location, inten-
sity, direction and speed of movement, and
horizontal extent of critical wind speeds
(30 knots or greater)}. This information was
disseminated in 1974 by: (1) Tropical
Cyclone Formation Alerts issued whenever
interpretation of satellite and synoptic
data indicated formation of a tropical
cyclone was likely; (2) Tropical Cyclone
Warnings issued four times daily whenever a
significant tropical cyclone was present in
the western North Pacific; (3) Tropical
Cyclone Warnings issued twice daily whenever
a significant tropical cyclone was present
in the Bay of Bengal; and (4) Tropical
Weather Summaries issued daily with a
detailed description of all significant
tropical disturbances.

FLEWEACEN Guam provides computerized
meteorological/oceanographic products for
JTWC. Communication support is furnished by
the Naval Telecommunications Center (NTCC)
of the Naval Communications Station, Guam.

2. ANALYSES AND DATA SOURCES

a. COMPUTER PRODUCTS:

Use of the varian plotter by the
FLEWEACEN Guam Computer Center during 1974
eliminated some of the JTWC hand plotting
effort., Varian charts are produced routinely
at synoptic times for the surface, 850 mb,
700 mb, and 500 mb levels. In addition, a
chart of upper tropospheric data is produced
which uses 200 mb rawinsonde data and AIREPS
above 33,000 feet within six hours of the
0000Z and 1200Z synoptic times. Data not
in the proper format for the computer are
hand plotted on the charts. These include
pibal gradient-level winds, satellite-
derived winds, and missing or late synoptic
reports necessary for a detailed analysis.

In addition, the standard array of
synoptic-scale computer analyses and
prognostic charts from the Fleet Numerical
Weather Central (FNWC) at Monterey,
California are available.

JTWC extensively utilized the
FLEWEACEN Guam Computer Center for objective
forecast techniques and statistical post-
analysis.’

b. JTWC ANALYSES:

(1) Gradient-level (3000 feet)
streamline analysis (south of 20°N) and
isobaric -analysis (north of 20°N) at 0000Z
and 1200Z.

(2) S00 mb contour analysis at
0000Z and 1200Z.

(3) A composite upper tropospheric
streamline analysis utilizing rawinsonde data
from 300 mb to 150 mb and AIREPS at or above
29,000 feet at 0000Z and 12002

(4) Reports from weather reconnais-
sance aircraft are plotted on large-scale
sectional charts.

(5) Additional sectional analyses
similar to those above, at intermediate
synoptic times, during periods of troplcal
cyclone act1v1tv

c. SATELLITE DATA:

DMSP satellite data played a major
role in the early detection of tropical
cyclones in 1974, This aspect, as well as
applications of satellite data to tropical
cyclone tracking, is discussed in Chapter II.

d. RADAR:

Land radar reports, when available,
were used for tracking tropical cyclones
during the 1974 season. Once-a storm moved
within range of a land radar site, reports
were usually received hourly. Use of radar
during 1974 is discussed in Chapter 1T,

3. FORECAST AIDS
a. CLIMATOLOGY:

Various climatological publications
listed in earlier Annual Typhoon Reports.
were utilized in .addition to the follow1ng
recently received publications:

(1) Changes in the Characteristics
of Typhoons Crossing the Island of Taiwan
(Brand, S. and J. W. Blelloch, 1973).

(2) Handbook for Forecasters in
the Bay of Bengal (Cuming, M. J., 1973).

(3) A Tropical Cyclone Analog
Program for the North Indian Ocean (Brand,
S.y, J. M, Long, J. W. Blelloch, and G. D.
Hamilton, 1974).

(4) Annual Typhoon Reports, 1959-
1973 (FWC/JTWC).

b. OBJECTIVE TECHNIQUES:

During 1974, the following objective
forecasting techniques were employed (an
evaluation of the techniques is presented
in Chaptexr V):

(1) EXTRAPOLATION - Storm movement
is extrapolated by using the past 12-hour
mean speed and direction for both 24- and
48-hour forecasts. Forecasts are determined
by simple linear extrapolation using the
12-hour old best track position and the
current warning position.

(2) MOHATT (modified HATRACK)
Steering by geostrophic winds derived from
smoothed height fields at 700 mb and 500 mb
levels, biased by 12-hour history inputs.

(3) TYMOD - Steering by global band
upper air fields (GBUA) from FNWC Monterey,
biased by 12-or 24-hour history inputs.



- .-(4) TYFOON- Analog weighted mean
track. T
. (5) FCSTINT - Uses statistical
regression equations to make 24-, 48-, and
72-hour intensity forecasts.

4, FORECASTING PROCEDURES
a. TRACK FORECASTING:

An initial forecast track is
developed based on persistence, climatology,
and objective techniques. This initial
track is subjectively modified based on the
following:

(1) The objective techniques are
evaluated in conjunction with the best
steering level.

{2) The prospects for recurvature

are evaluated for all westward moving storms.

The basic requisites for this evaluation
are accurate continuity on mid-latitude
troughs and numerical progs to indicate
changes in amplitude or movement of troughs
and the subtropical ridge. The northward
tendency due to internal forces of each
storm is also an important consideration.

‘(3) Steering is further evaluated
by considering the latest upper air analyses
as representative of the average upper air
flow for the past 24-hours. These analyses
are roughly 12 hours old thereby approxi-
mating the mid-point of the past 24-hour
time interval. By this technique actual
past 24-hour movement serves to indicate
the best steering level as well as the
effectiveness of steering.

. (4) A final check is made against
climatology to ascertain the likelihood of
the forecast track. If the forecast is
climatologically unusual, the forecast
rationale is reappraised and the forecast
track adjusted as necessary.

b. For intensity forecasting, heavy
reliance is placed on aircraft reconnais-
sance reports, the Dvorak satellite
interpretation model, and the TYFOON and
FCSTINT objective techniques. Upper
tropospheric outflow, sea surface tempera-
tures, terrain influences, and speed of
movement are additional considerations.

5. WARNINGS

Tropical cyclone warnings are numbered
sequentially. If warnings are discontinued
and the storm reintensifies, as Typhoon
Mary did this year, warnings are numbered
consecutively from the last warning issued.
Amended or corrected warnings are given the
same number as the warnings they modify plus
a sequential alphabetical designator to
indicate that it is an amended warning.

In 1874, a variable warning time was
employed to maximize the use of all
available reconnaissance platforms and
permit flexibility in spreading the warning
workload during multiple storm situations.
Warnings within the JTWC primary area of
responsibility are issued within two hours
of 0000Z, 0600Z, 1200Z, and 1800Z with the
constraint that two consecutive warnings
may not be more than seven hours apart.

The forecast intervals are 12 and 24 hours
for tropical depressions and 12, 24, 48, and
72 hours for typhoons and tropical storms.
Warnings in the JTWC secondary area of
responsibility are issued within two hours
of 0800Z and 2000Z with the constraint that
two consecutive warnings may not be more
than 14 hours apart. Warnings for the
secondary area are issued only after a
tropical cyclone has reached an intensity of
34 knots or greater. The forecast intervals
are 24 and 48 hours.

The variable warning time was utilized
for 227 warnings out of a possible 657 or
for 34.6% of the warnings. Only 29 of
these 227 warnings were + 2 hours from the
normal warning times of 0000Z plus every
6 hours. The remainder of the variable
warnings were within + 1 hour of the normal
warning times. Of the 173 levied satellite
fixes during 1974, 81 were made possible by
use of the wvariable warning time. If the
variable warning time had not been available,
these 81 fixes would have been levied on
aircraft or land radar (if available) and
the levy rate for satellite would have been
17.3% instead of the .actual 32.5%.

>

Forecast periods are stated with
respect to warning time. Thus, a 24-hour
forecast normally verifies 26-28 hours after
the latest aircraft or -satellite fix and
30-36 hours after the latest surface
synoptic chart and upper air charts.

Warning forecast positions are verified
against the corresponding post analysis
"best track" positions. A summary of
verification results for 1974 is presented
in Chapter V.

6. PROGNOSTIC REASONING MESSAGE

Whenever warnings for typhoons and
tropical storms are issued, a prognostic
reasoning message is transmitted at 0000Z
and 1200Z for the JTWC primary area of
responsibility. This message is intended
to provide field meteorologists with the
reasoning behind the latest JTWC forecasts.

7. © TROPICAL WEATHER SUMMARY

This message, summarizing atmospheric
conditions in the JTWC area of responsi-
bility, is issued at 0600Z daily from 1 June
to 30 November, and otherwise when the
threat of tropical cyclone development
exists or when warnings are being issued.

It contains a detailed description of all
significant tropical disturbances and
JTWC's evaluation of potential for develop-
ment.

8. TROPICAL CYCLONE FORMATION ALERT

Alerts are issued whenever interpre-
tation of synoptic and other meteorological
data suggests that formation of a signifi-
cant tropical:cyclone is likely. These
alerts are valid for up to 24 hours unless
cancelled or reissued.



CHAPTER Il — RECONNAISSANCE & COMMUNICATION

L GENERAL

The foundation of any good tropical
cyclone warning is accurate and timely fixes.
Because of the vastness of JIWC Guam's area
of responsibility and the limited number of
land or ship reporting stations, JTWC must
rely on two primary means of fixing tropical
cyclones, namely aircraft and satellite,
Aircraft reconnaissance and satellite derived
data provided approximately 88 percent of the
required fix data in 1974. This year saw
greatly increased utilization of DMSP data
with satellite data providing the basis of
44 percent of the warning positions. This
increase was primarily a result of the
variable warning time, which allowed more
flexibility in reconnaissance planning and
increased usage of DMSP data. o

2. . RECONNAISSANCE RESPONSIBILITY AND
SCHEDULING

Aircraft weather reconnaissance is
performed in the JTWC area of responsibility
by the 54th Weather Reconnaissance Squadron
(54 WRS). The squadron, presently equipped
with eight WC-130 aircraft, is located -at
Andersen Air Force Base, Guam. The JTWC
reconnaissance requirements are sent daily
during the typhoon season to the Tropical
Lyclone Aircraft Reconnaissance Coordinator.
These requirements include areas to be
investigated, fix times and forecast
position of cyclones to be fixed at those
times.

Four fixes per day, at six-hourly .
intervals, are required (CINCPACINST 3140.1M)
on all significant tropical cyclones in the
JIWC primary area of responsibility (see
inside front cover). Two fixes per day
are required in the secondary area of
responsibility. During the 1974 season,
increased use was made of the Selective
Reconnaissance Program (SRP) to fulfill
these requirements. The SRP was implemented
in 1972 to alleviate pressure on overtaxed
aircraft reconnaissance assets. The SRP
attempts to optimize the entire reconnais-
sance system by using each reconnaissance
platform (aircraft, satellite, and surface
radar) to its full potential. Various
factors are considered in selecting which
reconnaissance platform to use for any
warning, e.g., the cyclone's location and
stage of development, the DMSP orbit times
and areal coverage, availability of land
radar reports, the cyclone's threat to U.S.
interests, aircraft operational limitations
(e.g., one-fix versus two-fix mission), etc.

Use of the variable warning time was
instrumental during the 1974 season in
optimizing use of DMSP satellite data.
Warnings were scheduled within two hours of
the standard warning times with- the
constraint that no more than seven hours may
elapse between two consecutive warnings.
Thus, JTWC often was able to use satellite
fixes which would not have been timely under
a less. flexible warning system as a basis
for many warnings.

Aircraft reconnaissance remains the
only method of accurately determining
measurable storm parameters. Only the air-
craft can provide direct measurements of
height, temperature, flight level winds,
sea level pressure, and numerous other
parameters. These data are vital to the
forecaster for indications of changing
cyclone characteristics, thus providing a
broader basis for tropical cyclone warnings.
The aircraft also provides much greater
flexibility in time and space compared to
the other platforms,

DMSP satellites provide day and night
coverage of the JTWC area of responsibility.
Interpretation of DMSP satellite imagery
provides estimates of cyclone positions and,
for daytime passes, estimates of intensities
using the DVORAK Technique (NOAA TECHNICAL
MEMORANDUM, NESS-45). A major disadvantage
of the satellite is that until a storm
has an eye, fix positions can vary signifi-
cantly depending on the analyst, thus
creating possible confusion as to the
actual movement of the cyclone. 1In addition,
satellites provide no direct measurements of
parameters related to cyclone intensity nor
do they give any reliable indication of
various wind radii.

Land radar provides useful positioning
data on well developed cyclones when in the
proximity (usually within 200 nm of radar
position) of the Republic of Philippines,
Hong Kong, Taiwan, or Japan (including the
Ryukyus). Radar does not, however, provide
measurements or estimates of tropical
cyclone intensity. Subsequent sections
summarize the JTWC utilization of the
various reconnaissance platforms during 1974

3. AIRCRAFT RECONNAISSANCE EVALUATION
CRITERIA

The following criteria are used to
evaluate reconnaissance support to JTWC.

a. Six-hourly fixes - To be counted
as made on time, a fix must satisfy the
following criteria:

(1) Fix must be made not earlier
than 1 hour before, nor later than 1/2
hour after scheduled fix time.

(2) Aircraft in area requested
by scheduled fix time, but unable to locate
center due to:

(a) Cyclone dissipation; or

(b) rapid acceleration of the
cyclone away from the forecast position.

(3} 1If penetration not possible
due to geographic or other flight restric-
tions, aircraft radar fixes are acceptable.

b. Levied 6-hourly fixes made outside
the above limits are evaluated as follows:



(1) Early- flx is made w1th1n the
1nterval from 3 hours to 1 hour prior to
scheduled fix times; however, no credit will
be given for early fixes made within 3 hours
of the previous fix.

(2) .Late-fix is made within the
interval from 1/2 hour to 3 hours after
scheduled fix time.

c. When 3-hourly fixes are levied,
they must satisfy the same time criteria
discussed above in order to be classified
as made on time. Three-hourly fixes made
that do not meet the above criteria are
classified as follows:

(1) Early-fix is made within the
interval from 1 1/2 hours to 1 hour prior
to scheduled fix time.

(2) Late-fix is made within the
interval from 1/2 hour to 1 1/2 hours after
scheduled fix time.

d. Fixes not meeting the above.
criteria are scored as missed.

e. Levied fix time on an "as soon as
possible" fix is considered to be:

(1) Sixteen hours plus estimated
time enroute after an alert aircraft and
crew are levied; or

(2) Four hours plus estimated
time enroute after the DTG of message
levying an ASAP fix if an aircraft and crew,
previously alerted, are available for duty,

f. Investigatives - to be counted-as
made on time, investigatives must satisfy
the following criteria:

(1) The aircraft must be within
250 nm of the specified point by the
scheduled time.

(2) The specified flight level and
track must be flown.

(3) Reconnaissance observations
are required every half-hour in accordance
with AWSM 105-1. Turn and mid-point winds
shall be reported on each full observation
within 250 nm of the levied point.

(4) Observations are required in
all quadrants unless a concentrated
investigation in one or more quadrants has
been specified.

(5) Aircraft must contact JTWC
before leaving area of concern.

g. Investigatives not meeting the
time criteria of paragraph f, will be
classified as follows:

(1) Late-aircraft is within
250 nm of the specified point after the
scheduled time, but prior to the scheduled
time plus 2 hours.

(2) Missed-aircraft fails to be
within 250 nm of the specified point by the
scheduled time plus 2 hours.

4.  AIRCRAFT RECONNAISSANCE SUMMARY

Aircraft reconnaissance was levied 351
times to make six-hourly fixes on tropical
cyclones in 1974. This is an increase of
124 levied fixes over 1973 and represents
66% of the levied six-hourly fixes before
the cyclone passed the no-fly line. The
remaining required fixes were levied against
satellite (32.5%) or land radar (1.5%) as
available. The increase in levied aircraft
fixes during 1974 was due to the much higher
level of tropical cyclone activity compared
to 1973 (the year of lightest activity since

JTWC was established in 1959). Nevertheless,

the percentage increase in levied six-hourly
aircraft fixes from 1973 to 1974 (54.6%)

was significantly less than the percentage

increase in warnings {(68.5%) due to the
greater use of DMSP data for fixes during
1974.

In addition %o the levied six-hourly
fixes, 30 investigatives and 7 intermediate
fixes were levied by JTWC in 1974.The use of
DMSP satellite data in conjunction with
synoptic data resulted in only 4 levied
investigatives on suspect areas that did not
develop into tropical cyclones.

Table 2-1 summarizes reconnaissance
effectiveness. Using the scoring criteria
in Section 3, the 30 missed fixes (or 8.4%
of the total levied fixes) represent a
slight increase over 1973. Significantly,
approximately one-half of the 1974 missed
fixes occurred after mid-October, when the
54th Weather Reconnaissance Squadron was
reduced to eight aircraft,

TABLE 2-1. AIJRCRAFT RECONNAISSANCE
EFFECTIVENESS

NUMBER OF
FIXES PERCENT
COMPLETED ON TIME 292 81.5
EARLY . 1 .3
LATE 35 9.8
MISSED 30 8.4
TOTAL 358 T00.0

LEVIED VS. MISSED FIXES
LEVIED MISSED PERCENT

AVERAGE 1965-1970 507 10 2.0
1971 802 61 7.6
1972 624 126 20.2
1973 227 13 5.7
1974 358 30 8.4

5. RADAR RECONNAISSANCE SUMMARY

The 1974 typhoon season produced the
largest number of radar reports ever
received at JTWC during a single season. A
total of 997 radar reports of tropical
cyclone positions were received; 995 from
land stations* and 2 from aircraft. No
ship radar repdrts were received during
the 1974 Typhoon season. The large number
of radar reports is primarily a result of
the track and speed of the storms. Of the
sixteen tropical storms and typhoons that
came under the surveillance of radar, seven,
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Gilda, Jean, Mary, Polly, Rose, Shirley, and
¥Wendy, ‘had tracks within radar range of
Japan and the Ryukyu.Islands, where the
Japanese Meteorological Agency has estab-
lished an extensive and highly reliable
radar network. These seven storms ac-
counted for 78% of all radar reports.
Typhoon Shirley, which slowly meandered
from central Ryukyus to southern Japan,
alone accounted for 225 reports, nearly 23%
of the total. During one period, Typhoon
Polly was simultaneously surveyed by five
radar sites.

To evaluate the quality of the 1974
radar data, the land radar reports were
separated into the three categories of
accuracy defined in the WMO radar code.
These categories are: good (within 10 km;
5.4 nm), fair (within 10-30 km; 5.4-16.2 nm)
and poor (within 30-50 km; 16.2-27 am). Of
the 995 reports, 34% were good, 38% were
fair and 28% were poor. Consideration of
radar reports made only while storms were of
typhoon intensity yielded 45% in the good
category. All land radar reports were
compared to the JTWC best track position and
the mean deviation was 12.0 nm. This is
identical to the mean deviation obtained
during the 1973 season which utilized only
409 land radar reports. The mean deviation
of radar reports taken while storms were of
typhoon intensity was also 12.0 nm.

Of the 995 land radar reports, 75.3%
were obtained from sites in Japan and the
Ryukyu Isltands, 17.0% from the Philippines,
6.4% from the Royal Observatory at Hong Kong,
0.5% from Taiwan and 0.4% from each Guam and
Korea. Although Hong Kong exhibited only a
small percentage of reports, these provided
valuable positioning information for 6 storms
west of the Air Weather Service no-fly line.
Sites in Taiwan and Korea provided similar
information for Lucy and Wendy. Radars of
National Meteorological Agencies accounted
for 64% of all reports, ACEW sites 12% and
Air Weather Service stations 24% (primarily
from Kadena AFB, Okinawa and Clark AFB,
Philippines), a 16% increase over the 1973
AWS contribution.

Communication problems in the Philip-
pines resulted in the absence of any radar
reports during the passages of Bess and
Elaine across northern Luzon, although the
storms were within range of four radar sites
and very close to two of these. There
remains a critical need for radar coverage
on the east coast of Luzon and in the Luzon
Straits. Hopefully, the site at Catanduanes
Island and a new site (BASCO) in the Bataan
Islands will be operational by the latter
part of the 1975 Typhoon season.

6. SATELLITE RECONNAISSANCE SUMMARY

The use of DMSP satellite data for
tropical cyclone reconnaissance provided by
U.S. Air Force DMSP sites increased dramati-
cally during 1974. The levy rate for
satellite fixes increased to 32.5% compared
with 15.4% in 1973. Since there are a
number of situations each year when a choice
of platforms in not possible (e.g., when
cyclones are past the no-fly line near the
the Asian coast), the actual use rate of

1 A list of land radar sites is located in
- the "Tropical Cyclone Center Fix Data"
portion of this report.

DMSP data for warnings is always signifi-
cantly higher than the levy rate. During
1974, the use rate increased to 43.8% from
27.4% in 1973. Three factors are responsi-
ble for this large increase in the use of
satellite data. First, 1974 was a much more
active season than 1973, placing a much
greater load on available aircraft recon-
naissance assets. Selectively using DMSP
data for many fixes takes some pressure off
the aircraft reconnaissance resources and
helps insure that aircraft fixes will be
available when needed most. Second, there
weTe always at least two DMSP spacecraft
operational during 1974 and during the heart
of the primary season (August through
November) data were available from three
satellites. Thus, during 1974, satellite
coverage was available for 88% of the six-
hourly warning cycles compared to only 58%
during 1973. The third and dominant factor
in the increased use of satellite data was
the use of the variable warning time option
described in Chapter I.

The DMSP satellite network continued to
operate smoothly during 1974. DMSP sites
made 1203 position estimates on tropical
cyclones in the western North Pacifice area
compared with 605 during 1973. Once-daily
intensity estimates derived from the Dvorak
technique (NOAA TM, NESS-45) were also
computed. Additionally, hundreds of other
satellite analyses were made on tropical
disturbances and tropical cyclones in their
pre-warning stages. The primary network
sites during 1974 were Nimitz Hill, Guam;
Fuchu, Japan; and Nakon Phanom, Thailand .
(NKP). Xadena, Japan and AFGWC served as
backup sites for the western North Pacific.
Additionally, NKP and AFGWC provided DMSP
coverage of tropical cyclone activity in the
Bay of Bengal. Late in 1974, the Fuchu site
was relocated to Yokota Air Base, Japan.

The Kadena site has been returned to a fully
operational status and will be a primary ~
site during the 1975 season.

DMSP derived positions of tropical
cyclones are separated into six classes
according to the method of gridding and type
of apparent circulation center. These
classes are identified by the Position Code
Number (PCN) system shown below.

PCN CLASS
1 Visible Eye/Geographical Gridding
2 Visible Eye/Ephemeris Gridding

3 Well Defined Circulation Center/
Geographical Gridding

4 - Well Defined Circulation Center/
Ephemeris Gridding

5 Poorly Defined Circulation
Center/Geographical Gridding

6 Poorly Defined Circulation
Center/Ephemeris Gridding

Each derived DMSP position is compared
to the JTWC best track position .for the
corresponding time. The mean deviations
between the satellite positions and best
track positions for the past three years are
shown in Table 2-2. The statistics for 1973
and 1974 are for all sites because the DMSP



satellite network was operational for these
years. The statistics for 1972, however,
are limited to-the Guam site since only
positions from the Guam sites were used “in
the Selective Reconnaissance Program that
year and standardized positioning tech-
niques had not been made available to all
sites.

Table 2-2. Mean Deviations (nm) of DMSP
Derived Tropical Gyclone Positions from
JTWC Best Track Positions, 1972-1974.
Number of cases shown in parentheses.

1972 1973 1974
PCN  (GUAM) (ALL SITES) (ALL SITES)

14.2(104)  15.5(129)  13.6(224)
15.8¢{ 53) 20.0( 17) 17.4( 37)
21.3(100)  20.3(252)  20.1(422)
20.2( 39) 20.0( 24)  23.9( 70)
29.9(137)  45.9(163)  35.4(342)
30.4(157) 29.6{ 20)  49.4(108)

[« R RS P N

152 14.7(157) 16.0(146) 14.2(261)
364 21.0(139) 20.3(276) 20.6(492)
5%6 30.2(29%94) 44.1(183) 38.8(450)

TOTAL 23.9(590) 26.4(605)

26.0(1203)

The increase in the mean deviations of
the poorly defined cases (PCN 5§6) in 1973
and 1974, compared to 1972, is significant.
With more experience in DMSP data interpre-
tation .and use of various thresholding
techniques to amplify the mesoscale fea-
tures near the cyclone's circulation center,
many of the cases that would have been
classified as poorly defined in 1972 could be
classified as well -defined in 1973 and 1974.

This did not increase the mean deviations in

the well defined category {(PCN 3§4); how-
ever, it did increase the mean deviations

in the poorly defined category since cases

in this category during 1973 and 1974 were
truly poorly defined. The percent of cases
in the poorly defined category was 50% in
1972, 30% in 1973, and 37% in 1974. Poorly
defined cases are much more frequent at night
due to the coarser resolution of the infrared
sensors, e.g., during 1974, 50% of night
cases were poorly defined compared to 26% of
the daytime cases. The percent of cases with
visible eyes (PCN 1§2) has remained rela-
tively stable: 27% in 1972, 24% in 1973, and
22% in 1974.

The 1974 positioning statistics for the
individual DMSP sites are given in Table 2-3.
There is little difference among the sites in
positioning accuracies. These statistics and
those in Table 2-2 indicate that the DMSP PCN
classification system is stable, reliable,
and reproducible by independent analysts fol-
lowing standardized guidance (1 WWP 105-10,
Tropical Cyclone Position and Intensity
Analysis Using Satellite Data).

Once-daily tropical cyclone intensity
estimates are made from the daytime DMSP
data using the Dvorak technique. This
technique assigns a Current Intensity
{(CI) number to the cyclone depending on the
cyclone's Central Features (CF), Banding
Features (BF), and continuity considerations
from previous analyses. Following are the
Maximum Wind Speeds (MWS) associated with
each CI number.

' NUMBER OF CASES

Table 2-3. Mean Deviations (nm) of DMSP
Derived Tropical Cyclone Positions from
JTWC Best Track Positions for Western
North Pacific DMSP Sites during 1974.
Number of cases shown in parentheses.

PCN  GUAM  YOKOTA NAKON PHANOM  KADENA

1§2 12.6(116) 15.7( 72) 14.3( 36) 11.7(26)
364 20.0(231) 21.3(175) 19.6( 54) 18.7(24)
566 35.4(206) 46.2(118) 37.0( 94)  38.5(31)

TOTAL* 24.2(553) 28.3(365) 27.5(184) 24.0(81)
%20 less than 1974 totals in Table 2-2

which includes some positions from
AFGWC.

CI MWS(Knots) CI MwWS(Knots) CI . MWS(Knots)

1.5 25 4 60 6.5 122
2.0 30 4.5 72 7.0 135
2,5 35 5.0 85 7.5 150
3.0 40 5.5 97 8.0 170
3.5 50 6.0 110

Figure 2-1 shows a comparison of the derived
intensities with the JTWC Best Track (BT)
intensities for 1974. The BT intensities
were placed into the closest corresponding
CI category and deviations computed accord-
ing to CI numbers. Overall, 74% of the
cases fell with *0.5 CI number and 91% of
the cases within ¥1.0 CI number. There was ’
a tendency for the DMSP intensity estimates
to be slightly higher than the BT wind
speeds.
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FIGURE 2-1. Companison of derndived CI
number® and JTWC BT intensities.

*Nimitz HiLE sdite only

The greatest benefit from DMSP data has
been the significant increase in JTWC's
ability to forecast tropical cyclone
development. By carefully monitoring daily
changes in tropical disturbances, JTWC can
normally give at least 12 to 24 hours
notice that a significant tropical cyclone
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is developing. .When development during the
next 24 hours is judged likely, a tropical
cyclone formation alert is issued giving
the current location, the estimated maxi-
mum winds in the disturbance, and the area
where development is likely to occur.
Formation alerts are updated as necessary
until the cyclone is picked up in warning
status or canceled if the disturbance fails
to develop. Table 2-4 shows the verifica-
tion rate of tropical cyclone formation
alerts for the past five years. A signifi-
cant increase in the verification rate
occurred in 1971, the first season for
which DMSP data was available. Subsequent
increases can be attributed to increased
skill in interpreting the DMSP imagery

and close integration of satellite and
conventional meteorological data.

Table 2-4. VERIFICATION SUMMARY FOR
TROPICAL CYCLONE FORMATION
ALERTS

NUMBER ~ ALERT SYSTEMS TOTAL
OF WHICH BECAME NUMBERED
ALERT NUMBERED TROPICAL DEVELOPMENT
YEAR SYSTEMS TROPICAL CYCLONES CYCLONES RATE

1970 32 18 27 56%
1971 48 33 37 69%
1972 41 29 32 71%
1973 26 22 23 85%
1974 35 30 35 86%

Due to the use of DMSP data to monitor
tropical disturbances in their developing
stages, the need for aircraft investigative
flights has been greatly reduced resulting
in considerable savings of aircraft recon-
naissance resources in recent years. Table
2-5 presents a summary of levied investiga-
tive flights during the past five years.
During the past two years, the ratio of
levied investigative flights to the total
number of tropical cyclones has been near
unity. In most cases during 1973 and 1974,
the investigative flight provided the basis
for the first warning on the tropical cy-
clone.

Table 2-5. SUMMARY OF AIRCRAFT INVESTIGATIVE
FLIGHTS
LEVIED TOTAL
INVESTIGATIVE TROPICAL
YEAR FLIGHTS CYCLONES RATIO
1970 170 27 6.3-1
1971 179 37 4.8-1
1972 81 32 2.5-1
1973 28 23 1.2-1
1974 30 35 0.9-1

Some simple calculations illustrate the
magnitude of aircraft reconnaissance savingS\

during the developing, pre-warning stages of
tropical cyclones. Multiplying the average
ratio of investigative flights to tropical
cyclones experienced during 1970 and 1971 of
5.5 to 1 times 34 (the average yearly numher
of tropical cyclones including tropical
depressions) results in a requirement of 187
investigative flights in an average year
without DMSP data. With DMSP data a ratio
of unity can be achieved requiring only 34
investigative flights in an average year.
Thus, average savings of 153 investigative
flights per year can be achieved. A normal
10 to 12 hour investigative flight is
equivalent to a mission making two con-
secutive six-hourly fixes. Thus, an
equivalent savings of 306 six-hourly fixes
are realized. When this figure is compared
to the average number of levied six-hourly
fixes (534) during the last 10 years, the
large savings of aircraft resources during
the early developing stages of tropical
cyclones becomes evident. This use of DMSP
data during the pre-warning stages of
cyclones and selective use of DMSP data for
six-hourly fixes once a cyclone has developed
helps explain why the large reductions in
aircraft recomnaissance assets have not yet
degraded the tropical cyclone warning ser-
vice. The primary problem facing JTWC in
future years will be to optimize the mix of
reconnaissance assets so that the maximum
capgbilities of each resource can be real-
ized.

DMSP satellites have become a vital
part of the tropical-cyclone warning system
during the past few years. Their loss now
that the aircraft reconnaissance assets have
been drastically reduced would seriously
degrade JTWC's warning capabilities. The
averall use of DMSP sateillite data for
warnings should increase in future years;

- however, the very large increase in satel-

lite use from 1973 to 1974 was due primarily
to the one-time benefit of the variable
warning time option and increases in future
years will probably be at a much slower rate.
Also, the potential DMSP satellite use rate
is heavily dependent on the number and orbit
time of the satellites. During periods when
only one DMSP satellite is operational, the
potential use rate drops sharply and JTWC's
flexibility in optimizing a mix of aircraft
and satellite data is greatly reduced.

7. COMMUNICATIONS
a. AIR TO GROUND

Aircraft reconnaissance data are
normally received by JTWC via direct phone
patch through Andersen Aeronautical Station,
which is the primary station for this
purpose. Under degraded radio propagation
conditions, the Clark or Fuchu aeronautical
stations can intercept and relay the data
via AUTOVON and teletype to JTWC.

Average communication delays for the
preliminary and complete center data mes-
sages for past years are compared with 1974
delays in Figure 2-2. Delay times are
defined as the difference between the fix
time and the time of message receipt at
JTWC. The preliminary fix message continued
to prove its effectiveness by permitting a
significant amount of extra time to be spent
in forecast preparation.
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. Table 2-6 depicts the complete
center data messages received more than one
hour after fix time and after warning time.
The decrease in the latter can be directly
attributed to the variable warning time
introduced in 1974.

TABLE 2-6. 1974 AIR/GROUND DELAY
STATISTICS FOR ATRCRAFT RECONNAISSANCE
COMPARED WITH PREVIOUS YEARS

1970 1971 1972 1973 1974

% Complete fix
messages delayed
over one hour 5 6 6 20 19

% Complete fix

messages received

after warning

time 0.9 2.1 5.5 10.1 4.9

b. SELECTIVE RECONNAISSANCE PROGRAM

With the advent of the SRP, the
importance of radar and satellite fix data
has increased considerably over previous
years. A review of the associated com-
munication delays follows with delay times
defined as the difference between the
observation time and the time of message
entry into the AWN. In contrast to previous
years, radar reports were received in a very
timely manner. Data from the AC&W radar
sites in the Philippines and data from
nationally operated radars of the Republic_
of China, Hong Kong, Japan, and the Republic
of the Philippines were delayed an average of
only 20 to 35 minutes. In the worst cases,
JTWC still received the messages within 80
minutes of observation time. Tropical cy-
clone radar data is routed to JTWC over the
AWN through the use of a special ‘high
precedence collective indicator. Additional-
ly the ACGW radar reports were phoned to JTWC
from Clark AB, thereby providing the infor-
mation somewhat earlier than indicated.

Over 1557 position and intensity
estimates were derived from Air Wegther
Service (AWS) DMSP sites and the aircraft

carrier USS CONSTELLATION during 1974. The
data from the AWS DMSP sites were immediate-
ly passed via AUTOVON followed by an AWN
message. AUTOVON provided rapid communi-
cation of the essentials and a brief two-way
discussion of the data (a benefit not
possible by message). Average delay times of
65 minutes for telephone and 84 minutes for
message resulted from a sampling of mid-
season storms. These delay times are the
difference between satellite equator-
crossing time and the time of the telephone
call or entry of the message into the AWN.
Systematic differences in data processing
time among the DMSP sites introduces small
variations in the above figures which are
independent of communications and analysis
time.

c. OUTGOING COMMUNICATIONS

Messages originating at JTWC are
processed by the Naval Telecommunications
Center (NTCC) of the Naval Communications
Station, Guam. By special agreement, all
tropical cyclone warnings are placed in the
communications system before pending
IMMEDIATE precedence traffic. Manual pro-
cessing is accomplished as though the
warning had FLASH precedence. Warnings
were delivered to the message center an
average of 28 minutes before warning time.
In Figure 2-3, yearly averages of the
handling time are plotted relative to
warning time as indicated by the length of
vertical bars. Handling times for tropical
depression warnings (not shown) were
reduced from 25 minutes in 1973 to 9 minutes
in 1974.

The dramatic improvement in
handling time achieved during 1973 continued
into 1974, thereby allowing the average
message to be placed on the circuits before
the established warning time. The time of
receipt of a warning at a particular sta-
tion depends on factors beyond the control
of either JTWC or NTCC.
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'CHAPTER Nl ——— RESEARCH SUMMARY

1 GENERAL

One of the three major tasks of the Joint
Typhoon Warning Center is to conduct tropical
cyclone analysis and forecasting research.

In most cases the research projects are
directly concerned with either movement or
intensity forecast improvement. Meteoro-
logists from outside agencies such as the
Environmental Prediction Research Facility,
the Naval Postgraduate School, the 54th
Weather Reconnaissance Squadron and Detach-
ment 1, 1st Weather Wing often collaborate
with JTWC on research projects. The
following briefs summarize significant
research completed during the past year.
Research underway but not yet completed is not
reported in this section.

2. COST EFFECTIVENESS EVALUATION OF
DROPSONDE DERIVED SEA LEVEL PRESSURES
IN TROPICAL CYCLONES OF THE WESTERN
NORTH PACIFIC

(Reference: McPeek, R. E. and O. R.
Scrivener, FLEWEACEN/JTWC Technical Note
74-6).

From the earliest days of aircraft recon-
naissance of tropical cyclones, dropsonde
data taken in the cyclone centers showed a
very high correlation between dropsonde
measured surface pressure and aircraft
measured 700-mb height. Jordan (1957)
studied this correlation and derived a
regression equation that has been used oper-
ationally for many years as an initial
estimate of surface pressure by Joint Typhoon
Warning Center (JTWC), Guam. Sea level
pressure measurement is an important tool in
deriving maximum surface wind speeds in
tropical cyclones. In the light of present
day forecasting techniques and ever tighten-
ing budgetary constraints, this study was
undertaken to determine the feasibility of
relying solely on a regression equation to
derive sea level pressure from aircraft
measured 700-mb heights.

Results showed that Jordan's regression
equation can be used operationally for
determining tropical cyclone intensity. By
using the equation for minimum sea level
pressure estimates, instead of dropsonde
measured sea level pressure, a dollar
savings of approximately $100,000 would be
realized in the Western North Pacific each
year.

3. DERIVATION OF A REVISED MAXIMUM
WIND/MINIMUM SEA LEVEL PRESSURE
RELATIONSHIP FOR TROPICAL CYCLONES

(Reference: Atkinson, G. D. and C. R.

Holliday, FLEWEACEN/JTWC Technical Note 75-1)

A revised minimum sea level pressure/max-
imum sustained surface wind relationship for
tropical cyclones for the Western North Paci-
fic is derived. The data sample used was 26
years of peak wind gust observations from

island and coastal meteorological stations
which experienced tropical cyclone hits.
Minimum sea level pressures were determined
from station pressure data and aircraft
reconnaissance observations. The recorded
peak gust values were adjusted for differences
in station and anemometer elevation and
reduced to sustained (one-minute average) sur-
face winds using standard gust factor rela-
tionships. The resulting equation is:

Vmax = 6.7 (1010-Pc) 0-644

Where Vmax is the maximum sustained surface
wind and Pc is he minimum sea level pressure,
The standard c:vor of the regression equation
on the dependent data is 8.8 knots and 75% of
the cases fell within + 10 knots of the
regression line. Due to the availability of
better ground truth observations of maximum
surface winds, this relationship is consid-
ered more accurate than previous minimum
pressure/maximum wind relationships which
were derived primarily from maximum surface

. winds estimated from aircraft reconnaissance

sea state observations. The new relationship
has been adopted for operational use by JTWC
and is used in conjunction with maximum
flight level (700 mb) winds and satellite
intensity estimates to determine the maximum
sustained wind speeds in tropical cyclones.
The maximum wind values derived from this
equation can be adjusted subjectively for
synoptic situations in which the environmen-
tal pressures on the cyclone's periphery are
abnormally high or low. Table 3-1 gives the
pressure/wind relationships derived from the
equation.

TABLE 3-1. MAXIMUM SUSTAINED (ONE-MINUTE AVERAGE)
SURFACE WIND SPEEDS (MWS) (KNOTS) FOR
SPECTFIED VALUES OF MINIMUM SEA LEVEL
PRESSURE (MSLP) (mb).

MSLP  MWS MSLP . MWS MSLP  MWS
000 30 960 83 920 122
995 38 955 89 915 126
990 46 950 94 916 130
985 53 945 99 905 134
980 60 940 103 200 138
975 66 935 108 895 142
970 72 930 113 890 146
965 78 925 117 885 150

4. FORECAST VERIFICATION AS A FUNCTION
OF RECONNAISSANCE PLATFORM

(Reference: Harrison, E. J., Jr., and A. L.
Bryant, FLEWEACEN/JTWC Technical Note 75-2)

There has been much discussion in recent
years as to the effect of reconnaissance
nlatforms on forecast position accuracy, e.g.,
will a 24-hour forecast based on an aircraft
fix be more accurate than one based on
satellite? This study compares the mean
warning position and forecast accuracies for
JTWC warnings based on aircraft, satellite,
radar and other fixes for the 1973 and 1974
seasons. The single most important result of



the study is that warnings based on aircraft.
fixes are, in the mean, more accurate. .The
main reason for this is the ability of the
aircraft to-.locate the storm center, regard-
less of the stage of cvclone development.
When storms are well developed, there is
essentially no difference in forecast accur-
acy between warnings based on aircraft and
satellite; however, in the poorly developed
storms aircraft-based warnings are consider-
ably (approximately 22%) more accurate. The
study indicates that continued use of the
Selective Reconnaissance Program will provide
the most accurate position forecasts possible,
while optimizing utility of dwindling air-
craft assets.
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CHAPTER IV == SUMMARY OF TRhPmAL CYCLONES

1. GENERAL RESUME

During 1974, there was a sharp reversal
from the abnormally light tropical cyclone
activity observed during 1973. Named
tropical cyclones numbered 32 during 1974
(Table 4-1) which is 10% higher than the
latest 15-year averagel displayed in Table
4-2. (Climatological statistics on typhoons
are given in Table 4-3. "Less than half (47%)
of these tropical storms developed to typhoon
‘strength (15)--well below the average ratio
of 65% derived from the long term average
(Tabled-4). Deviation of normal monthly
typhoon distribution was particularly
noticeable during July and August when only

3 were recorded in contrast to the
climatological average of 7.

Warnings were issued in 1974 on
numbered tropical cyclones during 148
calendar days spanning all months except
February. This closely matches the mean of
the past 15 years (Table 4-5) but is a
significant increase (almost twice) over the
number of warning days during 1973.

The number of typhoon days (Table 4-6),
however, numbered only 62, well below the
15-year average of 90 days. This reflects
the tendency of this season's tropical
cyclones not to develop beyond storm
strength.

TABLE 4-1. 1974 TROPICAL CYCLONES
CALENDAR MAX MIN WARNINGS I1SSUED
DAYS OF SFC 0BS NO. AS DISTANCE
CYCLONE TYPE NAME (PRD OF WRNG) WARNING WIND+ SLP TOTAL TYPHOONS TRAVELED

01 TS  WANDA 10 JAN - I3 JAN 1 5% 992 15 - 1050
02 TS  AMY 14 MAR - 19 MAR 6 45 987 21 --- 1750
03 TS BABE 26 APR - 02 MAY 7 60 983 26 --- 1600
04 TY  CARLA 02 MAY ~ 07 MAY 6 80 963 22 7 1550
05 TD --- 07 JUN - 08 JUN 2 30 .- S --- 150
06 TY  DINAH 08 JUN - 14 JUN 7 70 974 26 7 1550
07 TS  EMMA 13 JUN - 18 JUN 6 60 988 21 --- 1300
08 TS FREDA 21 JUN - 22-JUN 2 45 989 7 --- 800
09 TY  GILDA 30 JUN - 07 JUL 8 90 944 28 18 1400
10 TS HARRIET 15 JulL - 18 JUL 4 45 996 13 --- 900
11 TS JEAN 17 JUL - 20 JUL 4 45 995 14 --- 850
12 TY Ivy 17 JuL - 22 JUL 6 95 945 23 15 1850
13 TS KIM 23 JUL - 24 JUL 2 50 989 6 --- 350
14 TS Lucy 09 AUG - 11 AUG 3 54 995 10 --- 350
15 TY  MARY * 13 70 964 47 5 3400
16 TD --- 14 AUG - 15 AUG 2 30 994 5 --- 250
17 TS  NADINE 15 AUG - 18 AUG 4 50 982 14 --- 1600
18 TS OLIVE (CENTRAL PACIFIC HURRICANE CENTER)

19 TY POLLY 25 AUG - 02 SEP 9 95 948 31 20 1850
20 TD --- 27 AUG - 28 AUG 2 30 994 6 - 300
21 TS ROSE 28 AUG - 31 AUG 4 50 985 13 --= 800
22 TY SHIRLEY 04 SEP - 09 SEP 6 70 972 21 9 950
23 TS TRIX 05 SEP - 06 SEP 2 40 --- 5 - 250
24 TY VIRGINIA 12 SEP - 16 SEP ) 75 969 15 9 780
25 TS WENDY 24 SEP - 30 SEP 7 60 984 24 --- 800
26 TY  AGNES 24 SEP - 02 OCT 9 105 961 30 17 2000
27 TY BESS 08 OCT - 14 OCT 7 65 980 25 10 1950
28 TY CARMEN 14 OCT - 19 OCT 6 75 974 21 13 1250
29 TY DELLA 21 OCT - 27 OCT 7 90 958 25 16 1600
30 TY  ELAINE 24 OCT - 31 OCT 8 95 943 29 14 1700
31 TS FAYE 01 NOV - 04 NOV 4 55 987 13 --- 1250
32 TY GLORIA 03 NOV - 09 NOV 7 120 931 27 15 1850
33 TS  HESTER 14 NOV - 15 NOV 2 35 1000 S - 350
34 TY IRMA 21 NOV - 02 DEC 12 115 939 44 19 2250
35 TS  JUDY 18 DEC - 19 DEC 2 49 998 6 --- 150
36 TS KIT * 5 40 995 14 --- 1200

1974 TOTALS 148** 657 194

*Mary 11 Aug - 19 Aug and 23 Aug - 26 Aug

Kit 19 Dec - 21 Dec and 23 Dec - 24 Dec

**Qverlapping days included only once in sum
+Over water estimate (one-minute averaging period)
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No super typhoons {(maximum sustained
winds > 130 knots) were observed.during 1974,
the first year since documentation began in
1959 that no typhoon reached this category.
It is suspected, however, that Typhoon
Gloria may have approached super typhoon
intensity prior to landfall on the Philip-
pine archipelago in early November. This is
based on the trend of central pressure fall
of the final aircraft fixes, however, lack of
additional supporting evidence restricts
Gloria from being entered in the super
typhoon category.

One of the synoptic features during
August and September was the penetration of
monsoon westerlies to more poleward
latitudes than normal. This situation was
caused initially by the extremely large
circulation of Typhoon Mary moving to sub-
tropical latitudes. This resulted in an
anomalous monsoon trough location extending
from coastal South China northeastward to the
Ryukyus. Of the four tropical cyclones that
developed during this period three (Tropical
Depression No. 20, Tropical Storm Rose, and
Typhoon Shirley) displayed unusual initial
courses compared to climatology by heading
northeasterly.

By -early October, the monsoon trough
became re-established near its normal posi-
tion in the Philippine Sea, and triggered
development of a series of destructive
cyclones which crossed the Philippine Is-
lands. This parade of tropical cyclones, led
by Bess in October and climaxed by Gloria in
carly November, subjected the Island of Luzon
to the strikes of five typhoons in a period
of slightly less than a month. The
frequency of these repeated onslaughts to
Luzon is unparalleled in climatological
rccords available since World War I1.

The Tropical Upper Tropospheric Trough
(TUTT) was very active during 1974 producing
19% of the season's named tropical cyclones.
Typhoons Polly, Virginia, Agnes and Tropical
Storms Freda, Kim, and Wendy developed from
disturbances caused by upper lows in the
trough. A study of the long term average
(Atkinson 1974) indicates approximately 15%
of the named tropical cyclones in the west-
ern North Pacific can be traced to thesc
disturbances which originate in the trade
wind region, and are produced on the south
and east periphery of the upper level lows.

TABLE 4-2 FREQUENCY OF TROPICAL STORMS (INCLUDING TYPHOONS) BY MONTHS AND YEARS
YEAR  JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL
1945 0 0 0 1 1 2 s 7 6 1 3 0 26
1946 0 0 1 0 1 2 3 2 3 1 2 0 15
1947 0 0 1 0 1 1 3 3 5 6 6 1 27
1948 1 0 0 0 2 2 2 5 5 4 3 2 26
1949 1 0 0 0 0 1 5 3 6 1 3 2 22
1950 0 0 -0 0 1 2 3 2 3 3 3 1 18
1951 0 0 1 2 1 1 1 2 2 4 1 2 17
1952 0 0 0 0 0 3 3 4 5 6 3 4 28
1953 0 1 0 0 1 2 2 6 3 4 3 1 23
1954 0 0 1 0 1 0 1 6 4 3 3 0 19
1955 1 0 1 1 0 1 6 3 3 4 1 1 22
1956 0 0 1 2 0 1 2 5 5 2 3 1 22
1957 2 0 0 1 1 1 1 3 5 4 3 0 21
1958 1 0 0 0 1 3 5 3 3 3 2 1 22
1959 0 1 1 1 0 0 3 6 6 4 2 2 26
AVERACE 0.4 0.1 0.5 0.5 0.7 1.3 3.0 4.0 %4.3 3.3 2.7 1.2 22.3
(1945-59)

1960 0 0 0 1 1 3 310 3 4 1 1 27
1961 1 1 1 1 3 2 5 4 6 5 1 1 31
1962 0 1 0 1 2 0 6 7 3 5 3 2 30
1963 0 0 0 1 1 3 4 3 5 5 0 3 25
1964 0 0 0 0 2 2 7 9 7 6 6 1 40
1965 2 2 1 1 2 3 5 6 7 2 2 1 34
1966 0 0 0 1 2 1 5 8 7 3 2 1 30
1967 1 0 2 1 1 1 6 8 7 4 3 1 35
1968 0 0 0 1 1 1 3 8 3 6 4 0 27
1969 1 0 1 1 0 0 3 4 3 3 2 1 19
1970 0 1 0 0 0 2 2 6 4 5 4 0 24
1971 1 0 1 3 4 2 8 4 6 4 2 0 35
1972 1 0 0 0 1 3 6 5. 4 5 2 3 30
1973 0 0 0 0 0 0 7 5 2 4 3 0 21
1974 1 0 1 1 1 4 4 5 5 4 4 2 32
AVERACE 0.5 0.3 0.5 0.9 1.4 1.9 4.9 6.1 4.8 4.3 2.6 1.1 29.3
{(1960-70)
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Based on available casualty reports,
Typhoons Dinah and Gilda, Tropical Storm
Wendy, and Tropical Depression No. 20
accounted for the majority of the tropical
cyclone related casualties (Table 4-7).
Typhoon Gilda proved the most disastrous of
the year. Gilda's circulation triggered

flashfloods and landslides in
Japan in early July resulting
toll of lives (128), Damage

$1.2 billion in Japan rank it
costly to strike that country

Korea and

in a heavy
estimates of
among the most
in recent

years. Torrential rains from the extra-
tropical stages of Tropical Depression No.
20 produced similar results on the western
coast of Korea in late August, accounting
for a combined missing and dead total of 77.
The worst marine disaster occurred near
southern Taiwan as 3,500 ton Panamanian
freighter SUN SHANG sank in heavy seas
produced by Tropical Storm Wendy (60 knots)
with the loss of 31 crewmen.

The northern Philippine Islands
experienced a high frequency of typhoons (7)
during the year with Dinah's crossing Luzon
in June being the most disastrous as
casualties totaled 106 persons. The suc-
cession of typhoons during October and
November crossing Luzon, however, also
inflicted heavy damage ($23 million) to the

rice and sugar cane crops with serious
economic impact on the island republic.
Reconnaissance of one of these typhoons
(Bess) while.in the South China Sea, led to
the tragic loss of a U.S. Air Force weather
reconnaissance aircraft and its crew of six.

Much of the pertinent meteorological
data and tropical cyclone damage statistics
in this chapter were based on information
received from the following sources:
Weather Bureau of the Republic of China;
Royal Observatory.of Hong Keng; Office of
the High Commissioner, Trust Territory of
the Pacific Islands; Japan Meteorological
Agency; National Weather Service of the
Republic of the Philippines; and the
Environmental Data Service, National Ocean-
ic and Atmospheric Administration, Liverpool
Underwriters Association.

1 The climatology of tropical cyclone
activity in the western North Pacific
during the last 30 years indicates a
significant increase in tropical cyclones
since 1960. This is probably due to
better observational data, especially
satellites, during recent years. There-
fore, JTWC considers the last 15-year
period as the most representative of the
long term average.

TABLE 4-3 FREQUENCY OF TROPICAL STORMS REACHING TYPHOON INTENSITY BY MONTHS AND YEARS
YEAR  JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL
1945 o o o0 O0 ©0 1 2 5 3 1 1 0 13
1946 o o 1 o 1 1 3 1 3 1 2 0 13
1947 o o o o0 1 1 0 3 4 5 4 1 19
1948 i1 o o o0 2 0 2 2 4 1 2z 1 15
1949 i1 o o o0 © 1 3 3 3 1 1 1 14
1950 o o o o 1 1 1 2 1 3 2 1 12
1951 o ¢ 1 'z 1 1 1 2 2z 3 1 2 16
1952 o o o o0 o0 3 1 3 3 4 3 2 19
1953 o 1 o o0 't 1 2 4 2 4 1 1 17
1954 o 6 o o0 1 0 1 4 4 2 3 0 15
1955 i 0o 1 1 o 1 s 3 3 2 1 1 19
1956 o o 1 1 o 0 2z 4 5 1 3 1 18
1957 t o0 o 1 1 it 1t 2 s 3 3 0 18
1958 1 o o o0 1 3 4 3 3 3 1 1 20
195 ., 0 0 © 1 0 0 i 5 3 3 2 2 17
AVERAGE 0.3 0.1 0.3 0.4 0.7 1.0 1.9 3.1 3.2 2.5 2.0 0.9 16.3
(1945-59)

1960 o o o 1 o 2z 2z & 0 4 1 1 19
1961 o o 1 o0 2 1 3 3 5 3 1 1 20
1962 o o o 1 2 0 5 7 2 4 3 0 24
1963 o o o0 1 1 2z 3 3 3 4 0 2 19
1964 o o o o0 2 2z 6 3 5 3 4 1 26
1965 1 0o o0 1 2z 'z 4 3 5 2 1 0 21
1966 6o o o 1 2 1 3 6 4 2 0 1 20
1967 o o 1 1 o 1 3 4 4 3 3 0 20
1968 o o o 1 1 1 1 4 3 5 4 0 20
1969 i o o 1 o 0 2 3 2 3 1 0 13
1970 6 1 o o0 0 1 0 4 2 3 1 0 12
1971 o o o 3 1 2 6 3 5 3 1 0 24
1972 i o o o0 1 1 4 4 3 4 2 2 22
1973 o o o 0o ©0 O 4 2 2 4 0 0 12
1974 0o o o o0 1 2 1 2 3 4 2 0 15
AVERAGE 0.2 0.1 0.1 0.7 1.0 1.2z 3.1 3.9 3.2 3.4 1.6 0.5 19.1
(1960-74)
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TABLE- 4-4. RATIO OF TROPICAL STORM FREQUENCY DEVELOPMENT TO TYPHOON INTENSITY (1960-1974)

JAN FEB AR APR MAY JUN JUL AUG SEP OCT «NOV DEC TOTAL
AVERAGE NUMBER 0.5 0.3 0.5 0.9 1.4 1.8 4.9 6.1 4. 4.3 2.6 1.1 29.3
OF TROPICAL STORMS
AVERAGE NUMBER 0.2 6.1 0.1 0.7 1.0 1.2 3.1 3.9 3.2 3.4 1.6 0.5 '19.1
OF TYPHOONS
RATIO .40 .33 .20 .78 .71 .67 .63 64 .67 79 .62 .45 .65
TABLE 4-5, SUMMARY OF JTWC WARNINGS 1960-1974
1960-1974
R (AVG) 1970 1971 1972 1973 1974
TOTAL NUMBER OF WARNINGS 704 533 747 739 390 657
CALENDAR DAYS OF WARNING 146 127 163 139 77 148
NUMBER OF WARNING DAYS
WITH TWO OR MORE CYCLONES 50 29 54 46 27 38
NUMBER-OF -WARNING DAYS B
WITH THREE OR MORE CYCLONES 10 0 6 13 9 4
"TABLE 4-6, TYPHOON DAYS 1960 - 1974
TOTAL
PER
YEAR JAN FEB MAR  APR, MAY JUN JUL  AUC SEP  OCT NOV EC YEAR
1360 - T === 77 T 16 I3 3% --- 73 TI¥ 12 98
1961 --- --- 8 --- 8 2 10* 15 23* 17% [ 6 95
1962 --- --- --- 7 4 --- 14% 37% 8 17% 19% --- 119
1963 - .- --- 4 S 15 11 23% 14% Z4% --- 11 107
1964 .- --- --- --- 7 5* 22% 18% 28* 14 11* 6 111
1965 --- --- 2 5 12* 19% 23% 25% 14 6 --- 108
1966 --- --- --- S 11 6 7* 16% 23% 11 4 3 86
1967 --- --- 2 7 --- 4 14% 10 32% 21* 21%* .- 111
1968 --- --- --- 6. 1 7 6 8 32% 19 18% --- 97
1969 5 --- .- 5 --- --- 8 6 10 18 10* --- 62
1970 --- 5 --- --- --- 2 5 24% 16 21% 6 - 79
1971 .- “-- --- 4 13% 8 20% 27% 21% 11 7 --- 111
1972 2 “-- --- --- 1 6 39% 16 16% 21 9 11 121
1973 --- --- --- --- --- --- 11% 7% 4. 20% --- --- 42
1974 --- --- --- --- 3 4 10 6 S 16* 13 --- 62
TOTAL 9 5 10 4z 5% 81 209 2772 261 Z80 132 EX] 1408
MEAN 0.6 0.3 0.7 2.8 3.9 5.4 13.9 18.1 17.4 18.7 8.8 3.3 93.9
*Two typhoons occurring on the same day are counted as two typhoon days.

TABLE 4-7.

TYPE
T

EEN

D

E]

TS

e

s

-

TS

NOTE: Only cyclones for which data are available are listed,

LIST OF ESTIMATED CASUALTIES FOR THE 1974 SEASON

NAME  DEATHS  MISSING
—7% T3
GILDA 128 26
vy 20 46
Y 13 Q
NO. 20 9 63
POLLY $ 8
SHIRLEY 13 .-
WENDY 47 7
BESS 33 3
N 25 ---
ELAINE 36 21
FAYE -- 2
GLORIA 10 --
IRMA 11 .-
1T 17 -
TOTAL 434 234
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2. INDIVIDUAL TYPHOONS

CARLA

In late April, the monsoon trough
became active in the central Carolines,
producing a tropical depression that later
became Tropical Storm Babe. Shortly there-
after, another circulation in the trough near
Ponape was noted on 29 April. The system
tracked northwestward during the next three
days, its development aided by the upper
level outflow of Babe tracking north of the
Marianas. By 2 May, the circulation located
about 225 miles southwest of Saipan, had
developed into Tropical Storm Carla (Figure
4-1).

Continuing a northwest track, Carla's
center crossed Tinian in the south central
Marianas about 0800Z on the 3rd. The U.S.
Coast Guard Loran Station on southern Saipan
(located a few miles to the north of the
center) recorded a peak gust of 57 knots
within an hour after passage of the center.
The maximum 24-hour rainfall recorded on
Saipan during passage was 2.63 inches.

With a mid-tropospheric long wave
trough situated between 130 and 135 E, Carla
began to turn poleward late on the 3rd. As
Carla tracked west of the northern Marianas
by some 100 nm on the 4th, aircraft recon-
naissance indicated Carla's pressure had
fallen to 978 mb and maximum winds around its
center neared 65 kts. By 1200Z on the 4th,
Carla became the season's first typhoon
(Figure 4-2).

Canla phrion to attaining
tropical stonm intensity 300nm southeast

FIGURE 4-1.

04 Saipan, 1 May 1974, 72367. {DMSP imagenry)

The heavy rains and gusty winds brought
by Carla to the Marianas took a heavy toll on
fruit crops (hananas, citrus, etc.). Rota,
Tinian, and Saipan reported 95% damage to
crops while Pagan and Agrihan in the northern
Marianas reported 45% damage.

Carla continued to deepen on the 5th
while tracking northward. Reconnaissance
aircraft measurements indicated peak in-
tensity was attained early in the day
southwest of the Maug Islands as Carla's
central pressure dipped to 963 mb. . Maximum
sustained surface winds (1 min) were
probably close to 80-85 knots near the eye at
this time.

Increasing tropospheric shear began to
weaken Carla after passage north of the 20th
parallel as the cyclone approached the base
of the mid-tropospheric westerlies. Twenty-
four hours after reaching peak intensity,
Carla was reduced to tropical storm intensi-
ty, 300 nm east of Iwo Jima.

) In advance of a front moving southeast-
ward from Japan, Carla began to accelerate
northeastward on the 6th and fill in central
pressure. By 12002, synoptic and satellite
data indicated the remains of Carla had
merged with the frontal zone as a weak low
near- 36N and 158E.

R

FIGURE 4-2. Canla achieving tyvhoon
Antens ity 210nm nonthwest of Sadipan,
5 May 1974, 02252, (DNSP imagerny)
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- . DINAH

Dinah's incipient stages can be traced
back to a weak circulation in the monsoon
trough first noted on synoptic charts on 5
June in the west central Carolines. The
system tracked west-northwestward passing
just north of Ulithi atoll early on the 6th
reaching tropical depression status the next
day (Figure 4-3). As a strong subtropical
ridge built westward, the depression crossed
the Philippine Sea at a rapid pace up to 20
knots. On the 8th, it began to slow in
forward speed and intensify about 200 nm east
of Samar Island.

Following somewhat of a meandering
course Dinah passed just north of Catan-
duanes Island on the 9th and veered
temporarily to a northwest track in response
to a short wave trough over the East China
Sea. Aircraft reconnaissance indicated that
Dinah had developed typhoon force winds in
its northern semicircle during this period.
An aircraft measurement shortly before
landfall indicated a central pressure of 974
mb (10/0235Z) the lowest observed during
the cyclone's lifetime. At landfall, the
coastal town of Baler (15 nm south of the
center) reported a minimum pressure of 979.8
mb and gusts to 46 knots while Casiguran 35
nm north of the center measured a gust to 47
knots (Figure 4-4).

Dinah cut across Luzon's mountainous
terrain in less than 6 hours emerging north
of the Lingayen Gulf near the town of San
Fernando. Torrential rains (24 hour totals
up to 19.4 inches at Virac and 15.4 inches
at Baler) set off flash flooding and land-
slides in the island Republic claiming a
toll of 73 dead and 33 missing. Estimates
of damage caused by Dinah were approximately
$1 million.

Chrit

Foamative stages of Dinah
6 June 1974,

FIGURE 4-3.
centered 200nm northwest of Yap,
233021, [DMSP imagery)

21

.of 45 knots.

Dinah assumed a westerly course after
exiting Luzon regaining typhoon strength by
midday on the 11th. Aircraft reconnaissance
reported a central pressure of 978 mb (11/
0855Z) within a broad center estimated- to be
50 nm in diameter. The Japanese ship
MATSUSHIMA MARU passed about 40 nm east of
the center a few hours later (11/12002)
reporting a minimum pressure of 980.8 mbs.
Dinah's central pressure varied little
thereafter, and its center remained broad
until landfall on Hainan Island.

As -a high pressure region over South
China advanced into the East China Sea,
Dinah shifted course for the Luichow
peninsula on the 12th. Rebuilding pres-
sures, however, blocked Dinah from crossing
the South China coast. Following transit of
northern Hainan Island, Dinah weakened to
tropical storm strength and entered North
Vietnam south of Haiphong quickly dis-
sipating once inland.

While in the South China Sea, Dinah's
circulation was extensive; radius of the
area within the 1000 mb isobar was about 360
nm by the 1lth. On this day, Pratas Island

"150 nm north of the center reported sustain-

ed winds (10 min) of 30 knots (11/1200Z),
and the Japanese ship’NISSHO MARU 125 nm
east of the center reported estimated winds
By the 12th, an unidentified
ship caught 60 nm north of the center
reported estimated winds of 45 knots (12/
0000Z). Later that day, the Chinese
meteorological station on the Paracel Is-
lands 120 nm south of the center recorded
sustained winds (10 min) of 45 knots.
Strong gusty winds were also felt in Hong
Kong on the 12th as the eye of Dinah passed
some 250 to 200 nm south and southwest.
Wagland Island in the Colony reported gusts
up to 60 knots and the Royal Observatory
gusts to 64 knots.

s &
FIGURE 4-4. Typhoon Dinah a few hours grom

Landfall on Luzon isfand near Bafer, 10 June
1974, 00172. (DMSP imageny) .
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The third typhoon of the season, Gilda,
developed to typhoon strength 450 nm south-
east of Okinawa on 2 July. Initial
detection of the system was on 25.June about
400 nm north of Eniwetok as a weak circula-
tion on the trailing edge of a surface
trough which extended northeastward to the
vicinity of Midway Island. The system
tracked westward for five days displaying
little marked development based on satel-
lite data coverage. By the 29th, however,
signs of increased organization became
evident and, late the following day, Gilda's
circulation had generated surface winds of
tropical storm intensity.

Gilda began to move poleward on the 2nd
and develop winds of typhoon strength as a
stationary mid-tropospheric trough dominated
eastern China. Early that day, the Japanese
© vessel SHINKYOKU MARU crossed southward just
ahead of Gilda's path observing  north-
westerly winds of 45 knots .and a pressure of
988.0 mb (02/0600Z).

The typhoon reached its peak intensity
during the two-day period it approached the
Ryukyu chain (Figure 4-5). Reconnaissance
aircraft measured a2 944 mb central pressure
(04/14312) when the eye passed 70 nm south-
west of Naha, Okinawa on the 4th. A peak
gust of 85 knots was measured at the Naha
Observatory (04/0840Z) during passage,
while on Kume Jima a gust of 101 knots was
registered several hours later (04/1550Z)
when Gilda's eye passed 30 nm to the west.

Heavy rain and gusty winds from Gilda
were Tesponsible for almost a complete
failure in Okinawa's electric power. Heavy
rains (up to 10.8 inches at Naha) also
accounted for numerous landslides and local

FIGURE 4-5. Typhoon Gilda near peak
intensity 100am southwest of Naha, Okinawa,
3 July 1974, 02272Z. |(DMSP Amagery)

GILDA

flooding. One person was reported killed
and several fishing vessels sunk. Crops
including sugarcane, bananas, and vegetables
suffered extensive damage.

As the typhoon entered the East China
Sea, it tracked northward around the western
veriphery of the mid-tropospheric sub-
tropical ridge. Diminishing in intensity
while approaching Cheju Do Island early on
the 6th (Figure 4-6), Gilda responded to
increasing upper level southwesterly flow
over Manchuria, and began to accelerate. By
the 7th, Gilda's circulation was in the Sea
of Japan as an extratropical system heading
toward southern Hokkaido.

Gilda brought torrential rains to Korea
during passage near the southeast coast with
total rainfall amounts exceeding 10 inches
near coastal areas. The highest amount of
10.8 inches was measured at Kwangyang. The
heavy rains caused flash flooding and land-
slides which completely or partially
destroyed over 700 dwellings and left over
6000 homeless. Total damage loss was
estimated at $2.8 million, with casualties
of 21 dead and 11 missing.

Meanwhile, Gilda's circulation
activated a stationary front over western
and central Japan producing torrential rains
over a widespread area. The coastal town of
Owase on the Kii peninsula reported an
extreme 24 hour total of 16.5 inches. News-
paper reports indicated Gilda caused an
estimated $1.2 billion in property damage,
including tens of thousands of flooded
homes, damaged roads, and washed out railway
lines and bridges. The toll in Japan from
landslides and flash flooding accounted for
106 dead and 15 missing.

FIGURE 4-6. Typhoon Gilda acquining extra-
tropical charactendistics £in the Sea of Japan
180nm southeast of Seoul, Korea 7 July 1974,
0254Z. [DMSP imageny)
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The 0000Z synoptic chart for 17 July
depicted multiple tropical cyclones over the
Philippine Sea. Harriet was weakening to .
depression status east of Okinawa as Jean
developed storm force winds east of the Luzon
Straits. Meanwhile, evidence of a strength-
ening depression was noted in the monsoon
trough 250 nm west-southwest of Guam. The
last system, destined to become Ivy,intensi-
fied to tropical storm force the following
day (18th) (Figure 4-7). Within two days,
Ivy struck Luzon as a well developed
typhoon.

Ivy's track across the Philippine Sea
was affected by a strong subtropical ridge
resulting in movement speeds of 15-18 knots.
Once Tropical Storm Jean crossed into the
East China Sea, the subtropical ridge built
westward and prevented Typhoon Ivy from
taking a climatological northwesterly track.
Instead, the typhoon was forced to maintain
a westward course near the 15th parallel.
The typhoon began to deepen rapidly on the
18th. 1Its central pressure dropped 32 mb in
20 hours, reaching a minimum of 945 mb (19/
1037Z) about 15 hours prior to landfall.
Filling slightly, Ivy struck the Luzon coast
south of Baler with sustained winds of 90

- knots early on the 20th. A peak gust of 97
knots from the east -and a minimum pressure
of 973 mb was reported at the Baler meteoro-
logical station during eye passage.

The severity of turbulence associated
with Ivy prior to landfall on Luzon was
readily attested to by an aircraft recon-
naissance crew late on the 19th. During
penetration of the wall cloud, turbulence
was sufficient to flame out one of the WC-
130's four engines. Fortunately, engine
restart was accomplished by the crew while
orbiting in the eye.

‘

After crossing central Luzon, Ivy
emerged into the South China Sea from the
Lingayen Gulf quickly regaining typhoon
strength lost during transit over the moun-
tainous terrain. In response to a mid-
tropospheric trough positioned just east of
the Tibetan Plateau, Ivy began to take a
more northward course gradually slowing in
forward speed and reintensifying as it
approached South China (Figure 4-8).
Estimates based on satellite data indicated
that prior to landfall (just east of the
Luichow peninsula onthe 22nd) maximum
sustained winds near the center were prob-
ably in the 85-95 knot range.

The circulation of Ivy caused gale
force gusts at Hong Kong as she passed 150 nm
south of the Colony. Peak gusts of 63 knots
and 55 knots were recorded on the exposed
islands of Cheung Chau and Waglan Island,
respectively. Maximum 24-hour rainfall was
relatively light at the Royal Observatory
with only 1.4 inches recorded on the 22nd.
Ivy's circulation quickly lost identity
after moving inland midway through the 22nd

and the system disappeared from th
analysis 24 hours lgger. ® surface

In the Philippines, the typhoon's
casualty aftermath mounted to 66 persons
with 46 of these listed as missing. Hardest
hit by Ivy was Baler,.a town of 15,000, in
which newspaper reports indicated 50% of the
houses were leveled. Also in the Polillo
Island group in Lamon Bay, 42 fisherman were
reported lost following Ivy's passage.
Estimates of dollar damage to structures,
crops, and livestock in Luzon were placed at
$2 million,

FIGURE 4-7. Tropical Storm Ivy about 450 nm
east of Saman 1sland. Tropical Stonm Jean 4is
seen approaching Taiwan, 18 July 1974, 0253Z.
{DMSP Limagery)

FIGURE 4-8. Typhoon Ivy 4in the South China
Sea 250 nm souzth of Hong Kong, 21 July 1974,

03392. (DMSP imageny)
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From its early stages east of the
Marianas, to final dissipation over Japan,
Mary's behavior was atypical of a tropical
cyclone. Mary's circulation during the
early stages was marked by maximum wind
bands removed from the center by several
hundred miles. In addition, the storm's
circulation reached enormous proportions,
dominating the weather events over the
entire Philippine Sea for several days. The
longest lived tropical cyclone of the season,
Mary persisted for 15 days with 2 1/2 of
these days spent inland from the East China
coast. Toward the end of its lifetime, Mary
culminated its unusual behavior by defying
climatology, leaving the East China coast on
an easterly heading, and regenerating to
typhoon strength.

First identified as a weak.circulation
on synoptic surface charts on 9 August, Mary
developed to depression status by the 11th in
the monsoon trough some 250 nm east of
Saipan. It is significant that during this
period surface pressure falls to 5 mb-below
normal were occurring along the trough
across the Philippine Sea. As a result,
monsoon westerlies began to intensify
producing a narrow belt of winds averaging
25-30 knots feeding into the depression. By
the 11th, satellite data revealed a band of
cloudiness extending from the Philippine
archipelago to the eastern Carolines in
response to the strenthening monsoon flow
(Figure 4-9). -

the

Initially moving northeastward, Mary's
circulation began to generate winds of
tropical storm force late on the 11th.
Thereafter, the storm shifted to a northwest
course abruptly accelerating in forward speed
to 14 knots on the 13th. Mary's circulation
was characterized during this period by the
existance of maximum wind bands far remoded
from the low pressure center. Reconnais-
sance aircraft reports on the 11th and 12th
indicated that the center was becoming
increasingly separated from the associated
convective cloudiness. By the 13th, the
center was 200 nm from the nearest con-
vective band. The dimensions of the
anomalous structure was readily apparent in
satellite views on the 14th (Figure 4-10).
By this time a band of convective cloudiness
spiraling around the center in a broad arc
was evident--a pattern quite similar to an
extratropical low.

As Mary's center took a poleward e
component on the 12th and 13th, the
associated convective band leading into the
circulation, and trailing some 500 nm south
and southwest of the center, drifted over
Guam. Winds gusting to gale force occurred
over a period of 3 days starting early on
the 11th. Peak gusts from the southwest
reached 57 knots on the 12th (0950Z) and the
13th (20122) at Andersen AFB. Rainfall
amounts of 7.25 inches in 24 hours were
recorded at Andersen AFB between the 11th
and 12th as the island lay beneath Mary's
outer convective band. This extreme Z4-hour
rainfall amount exceeds -all records for
August on Guam.

MARY
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The persistent strong southwesterly
winds were responsible for significant
damage to marine interests on Guam. The
CARIBIA, a 40,000 ton vassenger liner, being
towed to Taiwan for salvage, broke loose
from her tug at the entrance to Apra Harbor,
ran aground .on the breakwater, and later
sank. An estimated $3.3 million loss was
associated with the sinking of this vessel.
The heavy seas also took their toll on small
craft (which are normally protected on the
leeward side of the island in the trades) as
many broke their moorings and went aground.
One yacht valued at $250,000 was included
among the lost vessels. Two lives were lost
due to drowning and damage estimates
amounted to over $542,000 in the Territory.

On Rota, Tinian, and Saipan crops were
especially hard hit by the strong winds and
torrential rains. On Tinian, the vessel
MV MARIANAS broke from its moorings and went
aground. In the northern Marianas, major
damage was sustained mostly to copra and
banana trees.

As Mary neared the Volcano Islands, the
area of surface pressure of 1000 mb or less
was exceedingly large-stretching at its
greatest diameter some 1200 nm in a north-
northeast/south-southwest orientation and
850 nm in an east-west direction. The
unusually low pressures in the trough trail-
ing Mary southwestward into the Philippine
Sea caused development of a tropical depre